of steady urine flow that more urea is excreted than is filtered (i.e., urea-to-inulin clearance ratios (C&/C,,> greater than one) then the simple passive model is not tenable. There have been sporadic cases of urea-to-inulin or urea-to-creatinine ratios greater than one reported in the literature (I 4), but this evidence for active urea transport is uncertain because of its incon-stancy and the fact that in some cases endogenous creatinine was used to measure glomerular filtration rate (GFR).
In the latter instance low creatinine clearance and elevated ratios may have been due to the uncertainty of creatinine clearance as an indicator of GFR. This paper describes simultaneous urea and inulin clearances measured in undisturbed, unanesthetized rats given a variety of dietary regimens; the experiments were designed to determine whether consistently elevated ureato-inulin clearance ratios could be demonstrated under these conditions.
METHODS
Charles River rats (Sprague-Dawley strain) weighing between 175 and 350 g were fed either normal Purina chow (group I), or high-protein, high-urea synthetic diets (groups II and 111). Group I consisted of both female and male rats. Groups 11 and 111 consisted only of female rats. The composition of these diets is given in were led subcutaneously to the scapular region of the animal and from there to the top of the cage within a flexible cylindrical spring (Fig. I) . The spring was sutured to the skin of the neck, and prevented the animal from destroying the catheters. The rats were allowed to convalesce until their food and water intake returned to normal (about 5 days), at which time renal clearance studies were performed.
One day prior to the start of clearance measurements the animals were placed in metabolism cages and urine volume and osmolality were measured for this q-hr period. The animals were allowed food and water ad lib. until the start of the clearance procedure, when both food and water were removed. U rine was collected in the following manner beginning at least I hr after the infusion was started: 3 ml of sterile saline were instilled three times through the bladder catheter. The animal voided spon-579 579 taneously through the ur :thra each time. This initial mixture of urine and saline was discarded, the cage bottom was rinsed with distillc;d water and a clean collection plate was placed under the cage. Thirty minutes later the bladder was again rinsed in a similar manner and this sample, as well as any urine voided during the 3o-min period, was collected and analyzed for urea and inulin. We found by instilling known amounts of urea and inulin into the bladder of six animals that washing the bladder and cage bottom in this manner gave from g7 to 103 % recovery of the bladder contents in all the animals. In three additional trials the cage bottoms were not washed before instilling urea into the bladder, and urea-containing food particles and dried urine remained on the bottom of the cage. Even under these extreme circumstances contamination of the urine by urea was less than IO %. Blood was sampled from the aorta at the start and at the end of the clearance period. Often two or three consecutive clearances were determined on the same animal. Table   IB   outlines the additional experimental procedures performed on some of the rats in group III. In I 3 experiments urea was infused at a rate of I mM/hr (group Mb) and in 16 clearances a 5 % amino acid mixture (Aminosol) was infused (group 11.~). In these experiments 0.6 &ml inulin-Cl4 was added directly to these solutions, which were then infused at a rate of I .2g ml/hr.
All infusion solutions with the exception of the urea infusion taneously through the ur :thra each time. This initial mixture of urine and saline was discarded, the cage bottom was rinsed with distillc;d water and a clean collection plate was placed under the cage. Thirty minutes later the bladder was again rinsed in a similar manner and this sample, as well as any urine voided during the 3o-min period, was collected and analyzed for urea and inulin. We found by instilling known amounts of urea and inulin into the bladder of six animals that washing the bladder and cage bottom in this manner gave from g7 to 103 % recovery of the bladder contents in all the animals. In three additional trials the cage bottoms were not washed before instilling urea into the bladder, and urea-containing food particles and dried urine remained on the bottom of the cage. Even under these extreme circumstances contamination of the urine by urea was less than IO %. Blood was sampled from the aorta at the start and at the end of the clearance period. Often two or three consecutive clearances were determined on the same animal. Table   IB   outlines the additional experimental procedures performed on some of the rats in group III. In I 3 experiments urea was infused at a rate of I mM/hr (group Mb) and in 16 clearances a 5 % amino acid mixture (Aminosol) was infused (group 11.~). In these experiments 0.6 &ml inulin-Cl4 was added directly to these solutions, which were then infused at a rate of I .2g ml/hr. Fig. 2. A similar comparison of the urea clearances is presented in Fig. 3 . There was a significant (P < 0.01) increase in both urea and inulin clearances when protei n was added to the diet and whe amino acids or urea was infused. The increase n either n urea clearance relative to the increase in inulin clearance was not the same in all these cases. This difference is illustrated in Fig. 4 , which shows the urea-to-inulin clearance ratios for the experimental and dietary conditions. The animals in groups II and III showed, in contrast to the control group, variability of urea and inulin clearances in the same rat for different clearance periods.
The distribution of urea-to-inulin clearance ratios in the control animals is represented by the solid curve in Fig. 5 . There were no ratios greater than 0.85 in this group. The distribution of urea-to-inulin clearance ratios for the rats in groups Illa, b, and c is represented by the dashed curve in Fig. 5 . About 80 % of these animals had ratios distributed similarly to the controls, but the remainder formed a skewed distribution and nearly all exceeded an urea-to-inulin clearance ratio of one. Data on individual rats exhibiting urea-to-inulin clearance ratios greater than one are presented in Table 2 with the technique was not a factor in these cases because elevated values for C,,/C,, were obtained intermittently throughout the period in which renal clearances were done.
Urine flow for the control rats, calculated from the 24-hr collection period of the day preceding clearance measurements averaged 0.0 IO ml/min. These rats excreted an average of 0.020 milliosmols/min.
The rats in groups II and I.1 excreted an average of 0.030 ml/min urine and 0.055 milliosmols/min.
Urea constituted 79 % of the osmoles in group II and 73 % in group 111. There were no significant differences in urine flow and osmolalities, measured on the day preceding the clearance period, between the rats which exceeded a urea-toinulin clearance ratio of one and those which did not. DISCUSSION Technique. The technique described permits renal clearances in undisturbed, unanesthetized rats receiving continuous infusions. The depressant effect of excitement or anesthesia on urea clearance described by SchmidtNielsen (13) is thus avoided. Furthermore, steady blood inulin levels permit a more accurate estimate of glomerular filtration rate. The mean inulin clearance (0.59 ml/ min per IOO g body wt) and the mean urea clearance (0.39 ml/min per IOO g body wt) for rats given the control diet are similar to values reported by others using other techniques (I 3, 15). Repeated renal clearances can be determined on the same rat over a period of several weeks, but with repeated clearances renal infarcts may result from clots dislodged from the tip of the catheter into the renal artery. Infarcts were indicated by the sickly appearance of the animal, progressively diminished urea and inulin clearances, 4. Mean values of urea-to-inulin clearance ratios for different experimental conditions (groups defined in Table I ). Vertical lines represent SEM. 
Frequency
distribu'tion of urea-to-inulin clearance ratios for control animals (solid line) and animals with both kidneys intact and on a high-protein, high-salt diet (dashed line).
elevated blood urea, and massive infarcts observed post mortem. When such indicators were observed, the data were discarded.
The possibility exists, however, that small infarcts may have been present that were not apparent at postmortem examination and did not produce marked elevation of blood urea or a sickly appearance of the animal.
Glomerular jltration. Glomerular filtration rate increased when-protein was added to the diet and urea and amino acids were infused into the blood stream (Fig. 2) . These data are in accord with earlier studies on rats (3) and dogs (9) showing an increase in GFR with highprotein diet or glycine infusion. Figure 6 is a plot of average blood urea for each experimental group against average inulin clearance for each group. A straight line can be fitted through the points representing groups I, II, Ma, and 111~. These groups had urea added to the blood either directly or indirectly through metabolism of protein. The physiological significance of this correlation of glomerular filtration rate with blood urea is not clear; -within any single group there was considerable scatter and no correlation.
The fact that amino acid infusion (group IIIb) increased the glomerular filtration rate independently of the blood urea indicates that other factors also contribute to regulation of filtration. According to Fig. 6 , an animal with a blood urea of 22 mM/liter should have a GFR of I .07 ml/min per I oo g body wt. The nephrectomized group of animals, who had an average blood urea of 22 mM/liter, had an average GFR of 0.67 ml/min per IOO g body wt, or 63 % of the expected value. If this group is compared with its control (group IIIa), which had an average inulin clearance of 0.86 ml/min per IOO g body wt, then the GFR in the nephrectomized group would be 78 % of the controls. Renal clearances were done between I and 2 weeks after surgery when compensatory hypertrophy of the remaining kidney would be expected to be about 25 % (15) and renal function between 60 and 65 % of normal. The value of 63 % of normal GFR is more consistent, therefore, with expected renal functional capacity than is 78 %. These data suggest, therefore, that the effects of elevated blood urea should be considered when compar- (5), who showed that after 3 days on a high-salt diet the GFR of dogs on an otherwise normal diet was equal to the control levels.
Urea-to-inulzn clearance ratios greater than one. In about 20 % (I 7 out of 79) of clearances measured on rats with both kidneys intact and fed a high-protein, high-salt diet (groups IIIa, b, c), urea-to-inulin clearance ratios greater than unity were obtained.
These elevated ratios were not obtained on control diets or on high-protein diets when no extra salt was added.
On the assumption that inulin clearance represents GFR under all of the experimental conditions, the following explanations may account for the fact that more urea was excreted than was filtered.
Errors in technique. Since we were dealing with small quantities of urine and blood, slight contamination of urea or ammonia from urine excreted prior to the clearance period may have been sufficient to produce apparent urea clearance in excess of inulin clearance. This possibility was considered remote, however, since the collecting trays and cage bottoms were carefully washed with distilled water between clearances, and the urea determination of Fawcett and Scott includes a correction for free ammonia in the urine. We obtained essentially IOO % recovery, moreover, in six trials in which we injected known amounts of urea and inulin into the bladder.
Incomplete collection of residual urine from the bladder would affect the urea and inulin clearances simultaneously, but would not change the ratio of the two. Contamination of the collecting plates or analytic glassware by urea or ammonia appeared to be negligible for the following reasons : a) calorimetric blanks remained essentially constant from day to day for the two-year period in which these experiments were carried out. Finally, the possibility of loss of the label from CY4-labeled inulin has been investigated by others (2, 7) and is believed to be insignificant.
We therefore believe that the elevated ratios represent a physiological phenomenon rather than deficiencies in technique of collection or analysis.
Exaltation. Sudden increases in urine flow are known to produce increases in urea clearance by "washing out" some of the urea in the renal interstitium.
Unfortunately, our technique is not designed to permit accurate determination of urine flow. Measurement of the total amount of urea in the kidneys, however, has shown that there is not enough urea in the kidney parenchyma to account for the increased urea excretion.
The animals excreted between 0.5 and I .o mM urea during the clearance period. If their urea-to-inulin clearance ratio was I .5, then between 0.17 and 0.33 mM urea must have been excreted in excess of that filtered. Analysis of urea in the kidneys of six animals on a high-protein, high-salt diet revealed that the total urea in both kidneys averaged 0.09 mM. Even if all the urea in the kidney parenchyma were to be washed out, it could account for only a fraction of the excess urea excreted. If active urea secretion normally exists, it is masked by overwhelming urea reabsorption.
A high-protein diet may enhance secretion, and the high-salt turnover may limit reabsorption, but in this case one would expect a distribution curve of Cur/C,, in the high-protein, highsalt group to be similar to the control group, with the exception that there would be a uniform shift toward the higher ratios in the high-protein, high-salt group. Figure  5 , however, shows the two distribution functions to be different; the high-protein group is skewed toward the high values with only a negligible shift of the major part of the curve. This distribution suggests that a high-protein, high-salt diet may alter the pattern of urea handling by the kidney under conditions that are not yet clear.
